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(54) Laser-processable glass substrate 

(57) A sheet of silicate glass having a thickness of 
2mm and composed mainly of Si02 and containing 
AI2O3, B2O3, Na20, F, etc. is immersed in a molten salt 
comprising a mixture of 50 mol % of silver nitrate and 
50 mol % of sodium nitrate. Na ions in the surface of the 



glass are eluted, diffusing Ag ions in the molten salt into 
the glass. When a laser beam is applied to the glass 
substrate thus fomned, the glass substrate is evaporated 
or ablated progressively from its surface. The glass sub- 
strate is processed to a smooth finish without causing 
cracking or breakage. 
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Description 

TECHNICAL FIELD 

s [0001] The present invention relates to a glass substrate suitable for being processed by laser, and a method of 
processing such a glass substrate. 

BACKGROUND ART 

10 [0002] Laser beams have an intensive energy, and have heretofore been used to increase the temperature of a 
surface of a material to which the laser beam is applied thereby to ablate or evaporate a portion of the material to which 
the laser beam Is applied, for processing the material in various ways. Since the laser beam can be focused Into a very 
small spot, It Is suitable for microscopic topographic processing of a material. 

[0003] Laser beams are generated by an Infrared laser such as a CO2 laser, an Nd:YAG laser, a laser comprising 
IS an Nd:YAG laser combined with a wavelength conversion capability for producing a laser beam whose wavelength 
ranges from a near-infrared region through a visible region to an ultraviolet region, and an ultraviolet laser such as an 
excimer laser such as an Arf or Krf laser. 

[0004] Silicate glass composed primarily of SIO2 Is highly transparent and can easily be molded (defonned) at high 
temperatures. Sheets of silicate glass, which have been formed with holes or concavities and convexities by micro- 
20 scopic topographic processing, are widely used as glass substrates for optical components used for optical commu- 
nications and display devices. 

[0005] In order to make a hole in a sheet of silicate glass according to microscopic topographic processing, it has 
been the general practice to process the sheet of silicate glass with wet etching (chemical etching) using an etchant 
of hydrofluoric acid or the like, or dry etching (physical etching) such as reactive Ion etching. 
25 [0006] However, the wet etching suffers problems with respect to management and processing of the etchant. The 
dry etching requires pieces of equipment such as a vacuum container, needs a large-scale apparatus, and is not 
efficient because a patcem mask has to be produced by complex photolithography. 

[0007] It has been attempted to use a laser beam for microscopic topographic processing of glass. Since glass Is 
fragile, it tends to crack when processed. If an infrared carbon dioxide laser Is used to process glass, the glass will 

30 violently crack due to thermal strain. 

[0008] If an ultraviolet KrF excimer laser (wavelength of 248 nm) is used to process glass, the glass will crack around 
the area where the laser beam Is applied. The ultraviolet KrF excimer laser (wavelength of 248 nm) is thus not suitable 
for microscopic topographic processing of glass. The use of an ArF excimer laser having a wavelength of 193 nm for 
emitting a laser beam to process glass Is optimum. However, even when such an ArF excimer laser is used, the 

35 generation of microcracks is unavoidable. 

[0009] The ArF excimer laser having a wavelength of 193 nm is subject to absorption by air, and needs to replace 
the transmission medium with an absorption-free gas such as Ar or a vacuum in order to allow the laser beam to reach 
as far away as possible. 

[0010] There has been proposed a technique disclosed in Japanese laid-open patent publication No. 54-28590. Ac- 
40 cording to the disclosed technique, when a laser beam is applied to process a glass substrate, the glass substrate has 

been heated to 300 ~ 700**C in advance to withstand thennal shocks caused when it is processed with the laser beam. 

[001 1 ] When the glass substrate is subject to microscopic topographic processing by the laser beam while it Is being 

heated to relax stresses, however, the glass substrate cannot be processed to an accuracy ranging from micrometers 

to submicrometers because of thennal shrinkage. 
45 [0012] Even when the glass substrate is subject to microscopic topographic processing by the laser beam while it 

is being heated, the processed area has a rough surface, but not a smooth finish. The processed glass substrate Is 

still susceptible to cracking or breakage. 

[001 3] The inventors have attempted to apply a laser beam to general photosensitive glass which contains a uniform 
concentration of Ag ions. The process of applying the- laser beam to the general photosensitive glass will be described 
50 below with reference to FIGS. 1(a) ~ 1 (d) of the accompanying drawings. As shown in FIG. 1 (a), a laser beam applied 
to a glass substrate enters into the glass substrate, reducing Ag ions present in the glass substrate as shown in FIG. 
1 (b) thereby to generate a colloid (very fine particles of Ag) . When the colloid is separated out, as shown in FIG.1 (c), 
the coefficient of absorption of the laser beam is greatly increased. The glass substrate now starts being ablated from 
inside thereof until finally it develops a recess-like crack or breakage as shown in FIG. 1 (d). 

55 

DISCLOSURE OF THE INVENTION 

[0014] The present invention has been made in an attempt to eliminate the above conventional drawbacks. It is an 
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object of the present invention to provide a glass substrate which is capable of relaxing thermal stresses, does not 
develop cracking and breakage, and produces a smooth processed area when a hole or a concavity and a convexity 

are formed in the glass substrate by laser processing. 

[001 5] Another object of the present invention is to fomi a microscopic pattern of concavities and convexities on the 
5 glass substrate described above with a laser beam. 

[001 6] A laser-processable glass substrate according to the present Invention contains silver in the fomn of Ag atoms, 
an Ag colloid, or Ag ions from a surface thereof to a predetemnined depth and has such a concentration gradient that 
the concentration of silver rs greatest at the surface and progressively decreases from the surface to the predetennined 

depth. 4.U u + > 

10 [0017] Another laser-processable glass substrate according to the present invention contains silver throughout its 
entirety and has such a concentration gradient that the concentration of silver is greatest at a surface thereof and 
progressively decreases from the surface to an opposite surface. 

[001 8] Still another laser-processable glass substrate according to the present Invention contains silver throughout 
its entirety and has such a concentration gradient that the concentration of silver is smallest (including a concentration 
15 of 0 mol %) at an Intennediate region In a direction transversely across the glass substrate and progressively increases 
toward opposite surfaces thereof. u ^ • ^ 

[001 9] The laser-processable glass substrate may be of a planar shape or a cylindrical shape or any of other desired 
shapes. The laser-processable glass substrate should preferably comprise silicate glass composed primarily of SiOg 

for its high transparency. , 
20 [0020] The laser-processable glass substrate should preferably contain F (fluorine) in order to reduce colonng due 

to Ag ions. 

[0021] For introducing silver into glass to achieve a concentration gradient, Ag ions replace one-valence positive 

ions other than Ag ions by way of an ion exchange. 

[0022] If the concentration of silver were low, the absorbed energy of the laser beam would also be low, making the 
25 glass substrate to be less susceptible to evaporation or ablation. For this reason, the concentration of silver in an area 
where the glass substrate is to be processed should preferably be at least 0.1 mol %. 

[0023] In order to form a through hole or a recess in the laser-processable glass substrate, a laser beam is applied 
to the surface thereof where the concentration of silver is greatest, as shown in FIG. 2(a) of the accompanying drawings. 
Then as shown in FIG. 2 (b) of the accompanying drawings, silver (Ag ions) in the surface where the concentration 

30 of silver is greatest are reduced into a colloid (very fine particles of Ag). The colloid absorbs the energy of the laser 
beam which causes the glass to be melted, evaporated, or ablated to remove a surface layer of the glass, as shown 
in FIG 2(c) of the accompanying drawings. When the surface layer is removed, a lower layer of the glass is then 
similarly removed. Finally, a recess or a through hole is formed as shown in FIG. 2 (d) of the accompanying drawings. 
[0024] A laser beam may be applied to a surface of the glass substrate which is opposite to the surface thereof where 

35 the concentration of silver is greatest, as shown in FIG.3 (a) of the accompanying drawings. Then, as shown in FIGS. 
3(b) - 3(d) of the accompanying drawings, silver (Ag ions) in the surface where the concentration of silver is greatest 
are reduced into a colloid (very fine particles of Ag). The colloid absorbs the energy of the laser beam, which causes 
the glass to be melted , evaporated, or ablated to remove a surface layer of the glass. When the surface layer is removed, 
a lower layer of the glass is then similarly removed. Finally, a recess or a through hole is fomned. 

40 [0025] The colloid of silver may be formed by applying ultraviolet radiation rather than the laser beam. Since no 
ablation or the like can be brought about by ultraviolet radiation, however, a laser beam is applied to form a hole or the 
like in the glass substrate after ultraviolet radiation is applied. 

[0026] A colloid may be separated out by heating the glass substrate rather than applying ultraviolet radiation or a 
laser beam. 



45 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0027] 



so FIGS. 1 (a) - 1 (d) are diagrams showing a process of applying a laser beam to photosensitive glass which contains 

a unifomn concentration of Ag ions; 

FIGS. 2(a) - 2(d) are diagrams showing a process of applying a laser beam to a laser-processable glass substrate 
according to the present invention; 



55 



FIGS. 3 (a) 3 (d) are diagrams similar to FIGS.2(a) - 2(d) except that a laser beam is applied in a different 
direction; 
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FIG. 4 is a schematic view of a device used for an ion exchange; 

FIG. 5 (a) is a photographic representation of a recess formed in the glass substrate according to the present 
invention, as observed using a microscope; 

5 

FIG. 5 (b) is a diagram produced on the basis of the photographic representation shown In FIG. 5(a); 

FIG. 6 is a graph showing the recess measured using a surface roughness measuring unit with a stylus; 

io FIG. 7 (a) is a photographic representation of a recess fonned in a glass substrate which has not been subjected 

to an Ion exchange, as observed using a microscope; 

FIG. 7 (b) is a diagram produced on the basis of the photographic representation shown in FIG. 7 (a); 

15 FIG. 8 is a graph showing the relationship between the depths of recesses processed by a laser beam and the 

energy of the laser beam applied; 

FIG. 9 is a view of a specific product which has been produced by processing the glass substrate according to the 
. present invention with a laser beam; and 

20 

FIG. 10 is a view of another shape of glass substrate according to the present Invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

25 [0028] Examples of the present invention will be described below with reference to the accompanying drawings and 
Tables. Table 1 shows ion exchange conditions, laser beam applying conditions, and laser processability of Inventive 
Examples. Table 2 shows ion exchange conditions, laser beam applying conditions, and laser processability of Com- 
parative Examples. Table 3 shows specific compositions of glass substrates. 

[0029] When a glass substrate has laser processability, it means that the glass substrate is free from cracking and 
30 breakage and the area of the glass substrate where a laser beam Is applied is smooth. 
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Inventive Example 1 

[0030] An ion exchange was conducted using a device shown In FIG. 4. A glass substrate (A of Table 3) to be 
processed was in the fonn of a sheet of silicate glass having a thickness of 2 mm and composed mainly of SIO2 and 
5 containing AI2O3, B2O3. NagO, F, etc. A molten salt placed In a quartz container comprised a mixture of 50 mol % of 
silver nitrate and 50 mol % of sodium nitrate. 

[0031] Specimens of the glass substrate were Immersed In the molten salt in the quartz container for 1 5 minutes, 6 
hours, and 86 hours, respectively. The molten salt was kept at 300^*0 in an electric furnace, and a reactive atmosphere 
was air. 

10 [0032] Na ions (one-valence positive ions) in the surface of the glass substrate are eiuted, diffusing Ag ions in the 
molten salt into the glass. The thicknesses of layers into which the Ag ions were diffused, as measured by a micro- 
analyzer, were of about 7 ^.m for the specimen Immersed for 1 5 minutes, about 30 m for the specimen Immersed for 
6 hours, and about 160 [xm for the specimen immersed for 86 hours. 

[0033] Then, a laser beam was applied to the specimens of the glass substrate to remove a certain region thereof 
15 by way of evaporation or ablation, trying to produce a recess. 

[0034] The laser beam was a third harmonic emitted from an Nd:YAG laser and having a wavelength of 355 nm. The 
laser beam had a pulse duration of about 1 0 nsec. and a repetitive frequency of 5 Ez, and was focused by a lens before 
being applied to the glass substrate. The glass had a slight ability to absorb the laser beam having a wavelength of 
355 nm. 

20 [0035] The spot of the applied laser beam had a size of 300 p,m. The energy of the applied laser beam was 39 J/ 
cm2. The laser beam was applied in 30 shots. After the application of the laser beam, a recess having a depth of about 
AO \im was fomried in the surface of the glass substrate. 

[0036] FIG. 5 (a) is a photographic representation of the recess thus formed in the glass substrate, FIG. 5 (b) is a 

diagram produced on the basis of the photographic representation shown in FIG. 5 (a), and FIG. 6 is a graph showing 
25 the area where the laser beam was applied, measured using a surface roughness measuring unit with a stylus. It can 

be seen from these figures that there is not cracking or breakage at all around the spot where the laser beam was 

applied, and the area where the laser beam was applied was smooth, resulting in a smooth profile. 

[0037] A laser beam was applied under the same conditions to a glass which was not subjected to an ion exchange. 

FIG. 7 (a) is a photographic representation of the recess fomned in the glass, and FIG. 7(b) is a diagram produced on 
30 the basis of the photographic representation shown in FIG. 7 (a). As can be seen from these figures, the glass substrate 

was violently cracked around the area where the laser beam was applied, and the area where the laser beam was 

applied had Irregular minute concavities and convexities and surface Irregularities, and did not have a smooth surface. 

The irregular concavities and convexities were so large that the surface roughness could not be measured by a surface 

roughness measuring unit with a stylus. 
35 [0038] As described above, the surface which was subjected to an ion exchange was given good processability, and 

the good processability did not depend on the time required by the ion exchange. 

[0039] When the laser beam was continuously applied to the glass substrate which was subjected to an ion exchange 

for 15 minutes, the area to which the laser beam was applied was roughened, losing its laser processability. 

[0040] The specimens were experimented with the energy of the applied laser beambeing changed by changing the 

40 position where the laser beam was focused. As a result, it was found that those specimens which were subjected to 
an ion exchange exhibited good results. The laser beam was applied in 30 shots, and the depths of formed recesses 
were measured by a surface roughness measuring unit with a stylus for their dependency on the energy of the applied 
laser beam. As shown in FIG. 8, there is a good linearity between the depths of the fomned recesses and the energy 
of the applied laser beam, allowing adjustments to be easily made by the energy of the applied laser beam which Is 

45 an Important quantity for laser processability. 



Comparative Example 1 

[0041] A laser beam produced by an excimer laser having a wavelength of 248 nm was applied to fonn a recess in 
50 a glass substrate which was of the same composition as the glass substrate in Inventive Example 1 and was not 
subjected to an ion exchange. As a result, the glass substrate developed cracking and breakage, and no laser proc- 
essability was observed. 



Inventive Example 2 

55 

[0042] An ion exchange was conducted using the device shown in FIG. 4. A glass substrate (B of Table 3) to be 
processed was in the form of a sheet of silicate glass having a thickness of 2 mm and mainly composed of SiOg and 
containing B2O3, NagO. etc. As shown in Table 1 , the molten salt placed in a quartz container comprised only silver 
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nitrate. The reactive atmosphere was air, and the glass substrate was immersed in the molten salt at 280°C for 1 hour. 
[0043] A laser beam emitted from a YAG laser having a wavelength of 355 nm was applied at an energy of 30 j/cm^ 
to the glass substrate which was subjected to an ion exchange as shown in Table 1 . 

[0044] As a result, the glass substrate which was subjected to an ion exchange exhibited laser processability. When 
5 the distribution of Ag ions was measured by an X-ray microanalyzer, almost all Ag ions on the glass surface were 
exchanged, and their concentration was 27 mol %. 

Comparative Example 2 

10 [0045] A laser beam produced by a YAG laser having a wavelength of 355 nm was applied at an energy of 30 j/cm^ 
to a glass substrate which was of the same composition as the glass substrate in Inventive Example 2 and was not 
subjected to an ion exchange. As a result, the glass substrate developed cracking and breakage, and no laser proc- 
essability was observed. 

15 Inventive Example 3 

[0046] A glass substrate to be processed had a composition of C of Table 3, and was subjected to an ion exchange 
under the same conditions as those of Inventive Example 1. A laser beam was applied to the glass substrate under 
the same applying conditions as those of Inventive Example 1 to check the glass substrate for laser processability. As 
20 a result, the glass substrate which was subjected to an ion exchange exhibited laser processability. 

Comparative Example 3 

[0047] A laser beam produced by a YAG laser was applied under the same conditions as those of Inventive Example 
25 3 to a glass substrate which had the same composition as the glass substrate in Inventive Example 3 and was not 
subjected to an ion exchange. As a result, the glass substrate developed cracking and breakage, and no laser proc- 
essability was observed. 

inventive Example 4 

30 

[0048] A glass substrate to be processed had a composition of D of Table 3, and was subjected to an ion exchange 
with the same molten salt as that used in Inventive Example 1 for 30 minutes at 300**C. A laser beam was applied to 
the glass substrate under the same applying conditions as those of Inventive Example 1 to check the glass substrate 
for laser processability. As a result, the glass substrate which was subjected to an ion exchange exhibited laser proc- 
35 essability. 

Comparative Example 4 

[0049] A laser beam produced by a YAG laser was applied under the same conditions as those of Inventive Example 
40 4 to a glass substrate which had the same composition as the glass substrate in Inventive Example 4 and was not 
subjected to an ion exchange. As a result, the glass substrate developed cracking and breakage, and no laser proc- 
essability was observed. 

Inventive Example 5 

45 

[0050] A glass substrate to be processed had a composition of E of Table 3, and was subjected to an ion exchange 
with the same molten salt as that used in Inventive Example 1 for 30 minutes at 300*'C. A laser beam was applied to 

the glass substrate under the same applying conditions as those of Inventive Example 1 to check the glass substrate 
for laser processability. As a result, the glass substrate which was subjected to an ion exchange exhibited laser proc- 
so essability. 

Comparative Example 5 

[0051] A laser beam produced by a YAG laser was applied under the same conditions as those of Inventive Example 
55 5 to a glass substrate which had the same composition as the glass substrate in Inventive Example 5 and was not 
subjected to an ion exchange. As a result, the glass substrate developed cracking and breakage, and no laser proc- 
essability was observed. 
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Inventive Example 6 

[0052] A glass substrate to be processed had a composition of C of Table 3, and was subjected to an ion exchange 
with the same molten salt as that used in Inventive Example 1 for 15 minutes at 300**C. A laser beam emitted by a 
5 YAG laser having a wavelength of 532 nm was applied to the glass substrate to check the glass substrate for laser 
processability. As a result, the glass substrate which was subjected to an ion exchange exhibited laser processability. 

Comparative Example 6 

10 [0053] A laser beam produced by a YAG laser was applied underthe same conditions as those of Inventive Example 
6 to a glass substrate which had the same composition as the glass substrate in Inventive Example 6 and was not 
subjected to an ion exchange. As a result, the glass substrate developed cracking and breakage, and no laser proc- 
essability was observed. 

15 Inventive Example 7 

[0054] Specimens of a glass substrate to be processed which was subjected to an ion exchange for 15 minutes 
under the same conditions as those of Inventive Example 1 were annealed under different conditions, i.e., at 350**C 
for 3 hours and at 350*^C for 6 hours. As a result, the concentration of silver, which was 2.57 mol % prior to annealing, 
20 was reduced to 0.63 mol % for the specimen that was annealed at 350**C for 3 hours, and to 0.49 mol % for the 
specimen that was annealed at 350'*C for 6 hours. 

[0055] A laser beam emitted from a YAG laser having a wavelength of 355 nm was applied to the annealed specimens 
at an energy of 40 mJ/pulse, with a pulse duration of about 1 0 nsec. at a repetitive frequency of 5 Hz. 
[0056] As a result, laser processability was confirmed for all the specimens. However, the ablation threshold {the 
25 energy density at which ablation starts to occur) increased by 4 - 5 times from the ablation threshold of a glass 
substrate which was not annealed. 

Inventive Example 8 

30 [0057] Specimens of a glass substrate to be processed were subjected to an ion exchange underthe same conditions 
as those of Inventive Example 1 except that the ion exchange was conducted for a short time of 1 0 seconds, and then 
annealed at 360**C for 6 hours. As a result, the concentration of silver in the surface of the specimens was reduced to 
0.06 mol %. A laser beam was applied to the specimens under the same conditions as those of Inventive Example 7. 
[0058] As a result, some of the specimens exhibited laser processability, but the other specimens developed cracking 

35 and breakage. 

[0059] As can be seen from Inventive Examples 7 and 8 described above, those specimens which have a concen- 
tration gradient of silver exhibit laser processability even though the concentration of silver is low, and the lower limit 
of silver concentration for which laser processability was confimried is 0.06 mol %. Not all specimens, but 20 - 30 % 
thereof, exhibit laser processability. For a glass substrate to exhibit reliable laser processability, the concentration of 
40 silver thereof needs to be of 0.1 mol % or higher. 

Comparative Example 7 

[0060] A laser beam emitted from a YAG laser having a wavelength of 355 nm was applied to antifungal glass with 
45 a uniform content of silver (SiOsi 37.5 mol %, B2O3: 46.5 mol %, NagO: 15.8 mol %, AggO: 0.28 mol %) at an energy 
of 88 mJ/pulse, with a pulse duration of about 1 0 nsec. at a repetitive frequency of 5 Hz. As a result, the area to which 
the laser beam was applied was rendered rough with cracking observed around the area. 

Comparative Example 8 

50 

[0061] A glass substrate to be processed was fabricated which had a low concentration of silver in the surface and 
a concentration gradient with the silver concentration progressively increasing from the surface into the glass substrate. 
The glass substrate was fabricated by immersing a blank glass substrate in a molten salt composed of a mixture of 50 
mol % of silver nitrate and 50 mol % of sodium nitrate, for 60 minutes, so that the glass substrate had a concentration 
55 gradient with the silver concentration being greatest at the surface and progressively decreasing away from the surface, 
as with Inventive Example 1 . The glass substrate was then immersed in a molten salt composed of 62.5 mol % of 
sodium nitrite and 37.5 mol % of sodium nitrate, for 20 minutes, replacing Ag Ions in the surface again with Na ions. 
As a result, the glass substrate had a lowered silver concentration in the surface with the silver concentration being 
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greatest in a intermediate region in a direction transversely across the glass substrate. 

[0062] A laser beam emitted from a YAG laser having a wavelength of 355 nm was applied to the glass substrate at 
an energy of 40 mJ/pulse, with a pulse duration of about 10 nsec. at a repetitive frequency of 5 Hz. As a result, the 
area to which the laser beam was applied was rendered rough with cracking observed around the area. 
5 [0063] The same results were obtained when the glass substrate was immersed first in silver nitrate and sodium 
nitrate for 15 minutes and then in sodium nitrate for 120 minutes. 

[0064] It can be understood from Comparative Examples 7 and 8 described above that a glass substrate does not 
exhibit laser processability if it simply contains silver or has a high silver concentration at its center, and a glass substrate 
is required to have a silver concentration which is greatest at Its surface and progressively decreases away from the 

10 surface in order to exhibit laser processability. 

[0065] FIG. 9 shows a specific product which has been produced by processing the glass substrate according to the 
present invention with a laser beam. The product comprises a glass substrate G mounted on a silicon base W, the 
glass substrate G having a composition according to the present invention. A through hole h is fomned into the glass 
substrate G by laser processing, and a conductive body d is disposed in the through hole h for electrically connecting 

15 a circuit formed on the glass substrate G and the silicon base W. 

[0066] A glass substrate with through holes formed therein may be incorporated in an ink jet head, and a glass 
substrate with recesses formed therein may be Incorporated In a microlens array or the like. 

[0067] The glass substrate is not limited to a planar shape, but may be of a cylindrical or prismatic shape. If the glass 
substrate is of a cylindrical or prismatic shape, then it has such a concentration gradient that the silver concentration 

20 is greatest at its outer surface and progressively decreases toward the center of the glass substrate. 

[0068] As described above, the laser-processable glass substrate according to the present invention contains silver 
in the form of Ag atoms, an Ag colloid, or Ag ions from a surface thereof to a predetermined depth and has such a 
concentration gradient that the concentration of silver is greatest at the surface and progressively decreases from the 
surface to the predetermined depth, or contains silver throughout its entirety and has such a concentration gradient 

25 that the concentration of silver is greatest at a surface thereof and progressively decreases from the surface to an 
opposite surface, or contains silver throughout its entirety and has such a concentration gradient that the concentration 
of silver is smallest at an intermediate region in a direction transversely across the glass substrate and progressively 
increases toward opposite surfaces thereof. When a hole or a concavity and a convexity are fomned in the glass sub- 
strate by a laser beam, the glass substrate Is capable of relaxing thermal stresses, does not develop cracking and 

30 breakage, and produces a smooth processed area. Therefore, the glass substrate is suitable for being processed by 
a laser bean to form a microscopic topographic pattern of concavities anc convexities, draw an image on its surface, 
or form microscopic holes therein. 

[0069] When the glass substrate is subjected to microscopic laser processing, the glass substrate does not lose its 
inherent transparency and insulation, a heating device and a vacuum container are not required, and the glass substrate 
35 can be processed microscopically at room temperature. 

INDUSTRIAL APPLICABILTY 

[0070] A glass substrate and a method of processing the glass substrate with a laser beam are contributable to the 
40 fabrication of an optical product such as a planar microlens array or the like. 



Claims 

45 1. Glass substrate containing silver in the form of Ag atoms, an Ag colloid, or Ag ions and being capable of being 
processed to fomn a hole or recess, respectively, in a surface thereof by removing portions of said glass substrate 
by way of melting, evaporation or ablation due to absorption of energy from the laser beam, characterized in that 
the silver content is distributed throughout the entire glass substrate with a concentration gradient such that the 
concentration of silver is greatest at a surface and progressively decreases from said surface to an opposite sur- 

50 face. 

2. Glass substrate containing silver in the form of Ag atoms, an Ag colloid or Ag ions and being capable of being 
processed to form a hole or recess, respectively, in a surface thereof by removing portions of said glass substrate 
by way of melting, evaporation or ablation due to absorption of energy from the laser beam, characterized in that 
55 said silver is distributed throughout the entire glass substrate with a concentration gradient such that the concen- 

tration of silver is smallest at an intermediate region in a direction transversely across the glass substrate and 
progressively increases towards opposite surfaces thereof. 
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